IntroductIon
Scarring airway stenosis, which is the benign type of airway stenosis, [1] is not a common disease in developed countries; postintubation stenosis, burn injuries, and secondary healing after surgery are the typical causes. [1] However, scarring airway stenosis with specific characteristics is commonly observed in China because of the high prevalence of tuberculosis.
For scarring airway stenosis, surgical resection was previously the gold standard; [2] however, interventional bronchoscopy treatments, such as balloon dilation, cryotherapy, laser therapy, and silicone stenting, have now been widely used to treat the disease, [3, 4] benefitting a large number of patients. In this study, we demonstrated the characteristics of scarring airway stenosis in Chinese adults and retrospectively evaluated the efficacy of interventional bronchoscopy treatment of this disease.
Methods

Ethical approval
The Institutional Review Board of Beijing Tian Tan Hospital, Capital Medical University, approved this study (Approval ID: JS2013-007-02), and the institutional review board of each hospital approved the analysis of clinical and radiological data of patients. stenosis patients from 18 tertiary hospitals who underwent interventional bronchoscopy treatment were admitted between January 2013 and June 2016.
The interventional bronchoscopy treatment indications for scarring airway stenosis patients were those who could not receive surgery or those who could receive surgery but refused and prefer interventional bronchoscopy treatment.
The study excluded patients who were followed up for <3 months after the last interventional bronchoscopy treatment or lost to follow-up after treatment. Children and adolescents <18-year-old were also excluded from the study.
Evaluation methods
Location of stenosis
The stenosis sites were divided into 5 locations: (I) trachea, (II) left main bronchus, (III) right main bronchus, (IV) right middle bronchus, and (V) lobe bronchus.
Type of stenosis
In the article "A Proposed Classification System of Central Airway Stenosis" from Freitag et al., there are two major groups of stenosis: structural and dynamic (functional). [1] According to this classification, scarring airway stenosis in this study was also divided into two groups. The structural group includes all those in which shrinking and scarring predominate. Other stenoses caused by exophytic or intraluminal benign or malignant tumors; extrinsic compression; and distortion, kinking, bending, or buckling are all excluded. The dynamic group are malacic conditions of scarring airway stenosis, including those in which the cartilages are damaged.
Assessment of airway stenosis degree
The airway stenosis was described according to the Myer-Cotton stenosis grading system. [5, 6] The classification is based on the cross-sectional area of the stenosis and divided into four grades: Grade I lesions have <50% obstruction, Grade II lesions have 51-70% obstruction, Grade III lesions have 71-99% obstruction, and Grade IV lesions have no detectable lumen or complete stenosis.
Assessment of the length of scarring airway stenosis
Chest contrast-enhanced computed tomography (CT) with 1.25 mm collimation, including transverse and coronal planes, was performed on all patients to assess the length of scarring airway stenosis. The length of scarring airway stenosis = number of layers from the proximal to distal regions of airway stenosis × 1.25 mm.
Assessment of dyspnea index
Patients' dyspnea index at baseline and after interventional bronchoscopy treatment was assessed. The Medical Research Council (MRC) Dyspnea Scale was used for assessing the dyspneic extent of airway stenosis patient (Grade 1, breathlessness upon strenuous exercise; Grade 2, hurrying on the elevation or a slight hill; Grade 3, walking slower than individuals of the same age because of breathlessness or having to stop for breath even while walking at own pace; Grade 4, having to stop after walking <100 m or after a few minutes; and Grade 5, breathlessness prevents leaving the house or while dressing).
The criteria to decide on interventional bronchoscopy treatment modalities
The interventional bronchoscopy treatment modalities included electronic knife or laser cutting, balloon dilation, cryotherapy, and stent insertion. According to the location, type, degree, and length of airway stenosis, the treatment of scarring airway stenosis usually needs to combine 2 or 3 modalities. In general, for structural scarring airway stenosis, electronic knife or laser was used first to release scar tissue [ Figure 1a ], then balloon dilation was done to expand the stenosis segment [ Figure 1b ], and cryotherapy was given at last to reduce the restenosis of scar [ Figure 1c ]. If all these treatments failed, stent insertion would be done. For dynamic scarring airway stenosis, because of the damage of cartilage, airway patency usually could not be maintained after using those interventional bronchoscopy methods mentioned above; thus, stent (including T tube) had to be used. Stent removal would be attempted on stable cases or cases with severe stent-related complications.
Assessment of efficacy
Efficacy was defined as the improvement in dyspnea index and/or decrease of airway stenosis grading. Invalidation was defined as no improvement in dyspnea index and no reduction in the grading of airway stenosis.
Follow-up and study endpoint
All patients underwent bronchoscopy examination 2-4 weeks after first interventional bronchoscopy treatment for the evaluation of the treatment effect. If the bronchoscopy treatment was effective, it would be continued, and clinical success was defined as the absence of an identified airway restenosis after three times continuous bronchoscopy examination (stable course).
If the bronchoscopy treatment was invalidated after first intervention, another two attempts were made. If the treatment proved to be effective after three repeated interventions, it would be continued. However, if it persistently failed after three repeated attempts, the bronchoscopy treatment would be stopped and patients would be recommended for surgical treatment or tracheotomy. The bronchoscopy treatment effect was defined as a clinical failure.
If severe bronchoscopy-related complications such as life-threatening bleeding occurred during the repeated therapeutic bronchoscopy, the treatment would be ceased and the effect defined as a clinical failure. For patients received stent insertion, if stent-related complications which could not be handled by interventional bronchoscopy treatment occurred, such as severe granulation tissue formation or repeated migration, stent would be removed and the effect also defined as a clinical failure.
Statistical analysis
Statistical analysis was conducted using SPSS software (version 12.0; SPSS Inc., Chicago, IL, USA). Descriptive statistics were used to tabulate the demographic characteristics of the study population. All data are presented as mean ± standard deviation (SD).
results
Baseline characteristics of the study participants
The final study cohort consisted of 392 patients (106 males and 286 females) ranging in age from 18 to 83 years (median, 28 years).
The causes of the scarring airway stenosis were endotracheobronchial tuberculosis (EBTB) (n = 305, 77.8%), stenosis after intubation (n = 53, 13.5%), stenosis after tracheostomy (n = 19, 4.8%), anastomotic stenosis after surgical resection (n = 8, 2.0%), radiation-induced scarring stenosis (n = 4, 1.0%), and stenosis after trauma (n = 3, 0.8%).
Characteristics of endotracheobronchial tuberculosis scarring airway stenosis in Chinese adults
The cohort consisted of 305 patients (265 females and 50 males) ranging in age from 18 to 67 years (median, 27 years).
The localization of posttuberculosis scarring airway stenosis is summarized in this study. The stenosis involved trachea in 18 patients (5.9%), left main bronchus in 212 (69.5%), right main bronchus in 37 (12.1%), right middle bronchus in 32 (10.5%), and the lobe bronchus in 6 (2.0%).
With respect to the type of stenosis, the structure stenosis is in 270 cases (88.5%), and the dynamic stenosis is in 35 cases (11.5%). These 35 dynamic stenosis cases who could not be evaluated for stenosis length by preoperative CT scan due to complete airway occlusion or collapse were excluded, and the regions of 270 structure stenosis were available for the analysis of stenosis length. The average stenosis length is 1.6 ± 0.8 cm (range 0.2-5 cm). The stenosis length ≤1 cm is observed in 51 patients (18.9%), 1.1-2.0 cm in 184 (68.1%), 2.1-3.0 cm in 21 (7.8%), and >3 cm in 14 (5.2%).
Efficacy of interventional bronchoscopy treatment for scarring airway stenosis in Chinese patients
During the process of repeated therapeutic bronchoscopy, no severe life-threatening bronchoscopy-related complications occurred. Figure 2 shows the treatment outcomes of 392 patients with scarring airway stenosis who underwent therapeutic bronchoscopy. After three repeated therapeutic bronchoscopy treatment interventions, 250 patients exhibited an effect whereas 142 patients showed an invalid clinical outcome. In 250 patients who were treated effectively, 237 had stable clinical course and 13 presented severe complications (all occurred after stent insertion, including 8 severe granulation tissue formation and 5 repeated stent migration) during the therapeutic bronchoscopy treatment. Finally, 155 patients demonstrated clinical failure.
The results showed 60.5% (237/392) clinical success rate and 39.5% (155/392) clinical failure rate. For patients treated successfully, the average MRC dyspnea index decreased from 2.5 to 0.9, and the airway stenosis degree decreased from 2.6 to 1.4 [ Figure 3 ]. The average times of interventional bronchoscopy treatment were 4.8.
Usage of stent in scarring airway stenosis treatment in China
In the present study, 34/392 (8.7%) patients received stent insertion (17 silicone stent, 15 fully covered metallic stent, and 2 T tubes). 13/34 (38.2%) stents had to be removed after an average of 56 days due to severe complications. 8/34 (23.5%) patients underwent stent removal due to severe granulation tissue formation (3 silicone stents and 5 fully covered metallic stents), and 5/34 (14.7%) showed stent migration (2 silicone stents and 3 fully covered metallic stents).
Stent removal was attempted on 21 stable cases. 10/34 (29.4%) stents could be removed after an average of 112.9 days (range, 25-357 days; 4 silicone stents and 6 fully covered metallic stents) while 11 stents (11/34, 32.4%) had to be left in the airway (9 silicone stents and 2 T tubes) without obvious complications [ Figure 4 ].
dIscussIon
Scarring airway stenosis is a specific type of benign airway stenosis. Interventional bronchoscopy treatment could rapidly and efficiently relieve the airway obstruction and improve clinical symptoms. [7, 8] In western countries, scarring airway stenosis results mainly from intubation, tracheotomy, burn injuries, secondary healing after surgery, or trauma. [9] However, some differences are observed with respect to the characteristics and treatment efficacy of this disease between developed and developing countries. In this study, the characteristics of scarring airway stenosis in Chinese adults and the efficacy of interventional bronchoscopy treatment in China were described.
The results showed that EBTB was the most common cause of scarring airway stenosis in Chinese adults (77.8%), which was predisposed toward a high rate of incidence in young women (86.9%); this phenomenon was also observed in a previous study.
[ 10] The high incidence of EBTB in young women may be attributed to the narrow bronchus and weak ability to clear sputum due to which the tubercle bacilli easily attaches to the bronchial wall. The left main bronchus was most susceptible to EBTB; this may be because, compared to the right main bronchus, the left is slender and tilted, thereby allowing easy attachment of the tubercle bacilli.
According to bronchoscopic features, EBTB could be classified into 7 subtypes: fibrostenotic, edematous-hyperemic, actively caseating, tumorous, ulcerative, granular, and nonspecific bronchitic type. [11] Studies showed that posttuberculosis scarring airway stenosis could be caused not only by fibrostenotic type but also other types such as actively caseating, edematous-hyperemic, and tumorous type. [12, 13] In these cases, specific measures are essential for preventing or minimizing the bronchial stenosis. For active endobronchial tuberculosis patients, the primary goal of treatment is the eradication of tubercle bacilli, and progression to airway stenosis may be prevented if the therapy is initiated at the earliest. Early treatment with steroid therapy is effective in particular groups of EBTB; however, to consider the therapeutic effect of steroid on the alleviation of bronchial stenosis in EBTB, the interval between symptom-onset and treatment with steroid is recommended as <6 months. [13] Future research should focus on the pathogenesis of bronchial inflammatory reaction and the resulting fibrosis to prevent bronchial stenosis at an early stage.
Herein, the efficacy of interventional bronchoscopy treatment for scarring airway stenosis in China was evaluated. The treatment efficacies vary in different centers, which may be influenced by equipment, proficiency of interventional physician, anesthesia methods (local or general anesthesia), and other factors. The present study showed that the average clinical success rate of interventional bronchoscopy treatment for scarring airway stenosis in China is 60.5%, indicating that more than half of the scarring airway stenosis patients could benefit from this technique, and surgical resection could be avoided.
The usage of the stent for scarring airway stenosis treatment in China was also observed in this study. The stent is a foreign body that can induce new strictures or complications, but patients with benign tracheobronchial strictures have a long life expectancy, which requires lifelong adjunctive procedures to maintain stent patency. [14] Therefore, placement of conventional, nonremovable, expandable bare metallic stents is rarely indicated for benign tracheobronchial strictures because long-term patency is poor. [15] In developed countries, silicone stent was the most commonly used airway stent for benign airway stenosis; however, in China, due to economic and technique reasons, silicone stent insertion (including T tube) was used much less (19/392, 4.8% in this study) and usually was the last choice after other interventional bronchoscopy treatment (such as balloon dilation) failed, or used only for those with obvious dynamic stenosis or airway fistula. [16, 17] Covered retrievable expandable nitinol stent was cheaper in China and easier to be implanted; therefore, it sometimes was used for benign tracheobronchial strictures to instead silicone stent. However, studies examining the use of such stents for benign tracheobronchial strictures have involved only small numbers of patients and short follow-up times. [18, 19] It is speculated that benign airway stenosis should be exclusively treated using temporary rather than permanent stents in order to avoid severe stent-related complications, presuming that the stent will not be required after healing of the stenosis or that a sufficient duration of stent support will prevent the restructure after removal. [14] Nevertheless, among the 34 scarring airway stenosis patients who received stent insertion, 11 (32.4%) had to retain the stents in the airway, suggesting that not all benign stenosis could be healed even after sufficient duration of stent support.
In the current study, 11 stents (40.7%) had to be removed because of severe complications. Granulation tissue formation is the most common complication (23.5%), which is similar to other studies; [20, 21] the second complication is stent migration (14.7%). Predictably, the technical improvements in stent design, including retrievability and absorbability, would result in airway stent placement expanding in its indications in benign diseases.
In summary, the scarring airway stenosis exhibits specific characteristics in China. EBTB was the most common cause of scarring airway stenosis in Chinese adults. Interventional bronchoscopy is a valuable treatment method for the disease.
